Sclerostin is an osteocyte-secreted soluble antagonist of the Wnt/b-catenin signaling pathway requisite for osteoblast development and activity. Efforts over the past several years have focused on unraveling the role of sclerostin in both normal physiological and pathological conditions. Sclerostin levels are undetectable in the serum of patients with sclerosteosis. In normal individuals, serum sclerostin levels are higher in males and increase in both sexes across the adult lifespan. Some, but not other, studies have demonstrated that higher serum sclerostin levels are associated with increased fracture risk, particularly when paired with lower bone mineral density. Levels of circulating sclerostin are highly correlated with bone marrow sclerostin levels. Sclerostin levels are inversely related to parathyroid hormone levels. Clinical conditions in which serum sclerostin levels have been measured include ankylosing spondylitis, chronic kidney disease, diabetes, fractures, hypercortisolism, multiple myeloma and spinal cord injury. Even within clearly defined clinical conditions, however, consistent changes in serum sclerostin levels have not always been seen. This may reflect differences in currently available commercial assays or sample sources (serum versus plasma), and suggests further study is needed before sclerostin measurements are introduced into routine clinical practice. Until such issues are resolved, measurement of sclerostin levels appears to be most useful for understanding the mechanisms by which osteocytes regulate bone turnover through the integration of hormonal, physical and pharmacological stimuli, rather than to guide clinical-care decisions.
Introduction
As a central mediator of osteoblast biology, the canonical Wnt/b-catenin signaling pathway directly affects osteoblast differentiation, proliferation, survival and ultimately bone formation. Much work has now carefully delineated the molecular hallmarks of this complex molecular signaling network, including the identification and characterization of endogenous soluble Wnt signaling pathway inhibitors that antagonize Wnt signaling and lead to pathway inactivation. 1 Among these secreted Wnt pathway antagonists is sclerostin, identified only a decade ago as a 213 amino-acid glycoprotein whose loss of function results in the autosomal recessive bone dysplasia sclerosteosis. 2, 3 Sclerostin is secreted by osteocytes, and humans with inactivating sclerostin mutations have significantly increased bone formation rates. Interestingly, unlike subjects with sclerosteosis in whom serum sclerostin levels are undetectable even with the most sensitive commercially available assay, 4 subjects heterozygous for inactivating sclerostin mutations have serum sclerostin levels roughly half those of matched controls, but bone formation rates significantly increased relative to control subjects. 5 Such findings suggest that modulation of sclerostin levels may be a viable approach for increasing bone mass.
Yet while there is no question that sclerostin has a central role in bone biology, whether measurement of circulating sclerostin levels is of clinical value remains an open question. Herein, we review the recent plethora of studies in which serum sclerostin has been measured, and provide perspective on current deficits in human sclerostin biology that likely preclude its use in current clinical practice.
Measurement of Serum Sclerostin Levels Across the Lifespan
In a recent cross-sectional sample of boys and girls aged 6-21 years, Kirmani et al. 6 determined that serum sclerostin levels are significantly higher in boys than in girls (Po0.01). Interestingly, the relationship between sclerostin levels and bone age was non-linear in both sexes. Thus, a split point in the sclerostinbone age relationship occurred following pubertal onset, corresponding to bone ages of B10 years in girls and 14 years in boys. In both sexes, serum sclerostin levels were positively correlated with bone age before the split point, but negatively associated with bone age after this point.
In a cross-sectional study of adults, Modder et al. 7 examined serum sclerostin levels in a population-based sample of 362 women and 318 men between the ages of 21 and 97 years. As was seen in the study of children/adolescents, sclerostin levels were again significantly higher in males than females (Po0.001). In pre-and postmenopausal women combined not maintained on estrogen therapy, and in men, serum sclerostin levels were positively correlated with age (Po0.001). Further, serum sclerostin levels increased 2.4-fold in women and 4.6-fold in men over the lifespan. Notably, when matched for total-body bone mineral content, subjects aged X60 years had higher serum sclerostin levels than subjects aged 20-39 years. Using the same Biomedica assay as Modder et al., 7 significantly higher sclerostin levels were also found in healthy adult men when compared with women (Po0.001); however, after adjustment for age, estimated glomerular filtration rate, bone mineral content, body mass index and physical activity, no difference was seen (P ¼ 0.543). 8 The increase in sclerostin levels across the female lifespan was subsequently confirmed in an independent cohort of preand postmenopausal women. 9 Further direct human interventional studies in both postmenopausal woman and elderly men demonstrated that estrogen, but not testosterone, reduces the rise in sclerostin that occurs with aging. 10 Such results suggest that the estrogen decline with aging that occurs in both women and men (through reduced aromatization of testosterone to estradiol) may underlie the age-associated rise in circulating sclerostin levels.
Serum Sclerostin Levels May Predict Bone Mineral Density Changes and Fractures
Given that sclerostin regulates bone formation through inhibition of Wnt signaling, one might anticipate that low circulating sclerostin levels are correlated with higher bone mineral density (BMD) and reduced fracture risk. Conversely, high serum sclerostin levels might be expected to be associated with lower BMD and increased fracture risk. However, recent data suggest these hypotheses may be incorrect.
In a recent case-cohort study drawn from a communitybased cohort of 9704 Caucasian women aged X65 years as part of the prospective Study of Osteoporotic Fractures, Arasu et al. 11 examined whether fracture risk was correlated with sclerostin levels. Using a non-commercially available electrochemiluminescence-based enzyme-linked immunosorbent assay, sclerostin levels were measured in serum collected in 1989-1990 in 228 women with incident hip fractures, and in a randomly selected sample of 227 women from within the cohort; average follow-up time was 9.8 years. Sclerostin levels were positively correlated with total-hip BMD (Po0.001); further, hip fracture risk was increased when serum sclerostin levels were divided into quartiles (Po0.001 for trend). After adjustment for potential confounders, comparison of women in the highest sclerostin quartile to women in the lowest quartile was associated with a marked increased hip fracture risk (hazard ratio ¼ 3.4, 95% confidence interval, 1.7-7.0). Further division of the cohort into eight groups based on sclerostin quartile and median hip BMD demonstrated that women in the highest sclerostin quartile with lower total-hip BMD had a 22.3fold (95% confidence interval, 5.8-86.3) increased fracture risk relative to women in the lowest sclerostin quartile with higher total-hip BMD.
In a similarly designed study, Ardawi et al. 12 examined the association between bone turnover markers, circulating sclerostin levels measured using a commercially available assay from Biomedica ( Table 1 ) and osteoporosis-related fracture risk in a population-based study of 707 postmenopausal women from Saudi Arabia with a mean follow-up of 5.2 ± 1.3 years. In multivariate Cox proportional hazard regression models adjusted for confounding risk factors, relative fracture risk in postmenopausal women was increased 47-fold for each 1-s.d. increase in sclerostin level, with women in the highest sclerostin level quartile having a nearly 15-fold increased fracture risk. Similar to the results seen in the study of Arasu et al., 11 serum sclerostin levels also correlated with BMD, and subjects with the highest sclerostin levels and lowest BMD were at greatest fracture risk.
Together, these two studies strongly suggest that serum sclerostin levels are predictive of both BMD and fractures in older postmenopausal women, and that fracture risk is amplified when high serum sclerostin levels are associated with low BMD. Thus perhaps in contrast to expectations, it appears that serum sclerostin levels may be positively associated with bone mineral mass, perhaps reflecting the presence of more sclerostin-synthesizing osteocytes. For a defined bone mass, however, the above studies in postmenopausal women suggest that higher sclerostin levels are associated with increased fracture risk. Reasons for this are unclear, but may be mediated by changes in bone quality, impairment of bone formation or micro-crack repair, or perhaps yet unrecognized mechanisms.
In contrast to the previous two studies, however, are results reported by Garnero et al. 13 from the population-based OFELY cohort, in which serum sclerostin levels were assessed using an enzyme-linked immunosorbent assay from TECO. In this study of 572 postmenopausal women with a mean age 67 years followed prospectively for a median of 6 years, there was no Clinical utility of serum sclerostin measurements BL Clarke and MT Drake significant association between baseline serum sclerostin levels and fracture incidence. Rather, serum sclerostin levels were found to correlate positively with BMD at both the spine and total hip (Po0.0001, for each site). In partial contrast to the interventional study of Modder et al. 10 in which estrogen replacement reduced sclerostin levels in postmenopausal women, serum sclerostin levels were not found to be associated with estradiol levels. Further and in contrast to the studies described above, 11, 12 serum sclerostin levels considered as either a continuous variable or when divided into quartiles were not significantly associated with prevalent or incident fracture risk, although the authors noted that as the number of incident fractures was small, a modest association may have been missed. Consistent with their findings in the OFELY cohort of postmenopausal women is another recent prospective study in which the same investigators measured serum sclerostin levels using the same method in 710 men aged 50 and older, and correlated these levels with BMD measured at the lumbar spine, hip and distal forearm. 14 Consistent with previous crosssectional data, 7 serum sclerostin levels increased with age (Po0.001). In direct contrast to the results from the earlier studies of postmenopausal women, 11, 12 however, fracture risk was reduced when subjects in the upper two quintiles of serum sclerostin levels combined were compared with subjects in the lower three quintiles combined (6.1 versus 13.5%, Po0.01) in a Cox model adjusted for potential confounders. Stratification of the men by both serum sclerostin level and BMD showed that men with serum sclerostin levels and BMD in the two highest quintiles had a lower fracture risk than men who had BMD and circulating sclerostin levels in the three lower quintiles (hazard ratio ¼ 0.24, 95% confidence interval, 0.10-0.62, Po0.005). Thus in this cohort of older men, higher serum sclerostin levels were associated with lower fracture risk and higher BMD.
Reasons for the differences reported between the three studies of postmenopausal women detailed above are unclear, although it is notable that each study used a different method to assay serum sclerostin levels. Also noteworthy is that when the studies involving postmenopausal woman are compared, measured serum sclerostin levels were B4.5-fold higher in the study in which the Biomedica assay was used when compared with the non-commercially available assay, although perhaps somewhat reassuringly, this 4.5-fold relationship in measured sclerostin values appears to track fairly linearly across quartiles between the two studies. Unfortunately, no direct comparison with the TECO assay is possible here, however, as the OFELY postmenopausal cohort study did not report sclerostin values. Potential reasons why the findings in older men do not correlate with the findings in older women are also unknown. As such, measurement of serum sclerostin levels in older men and women, even in combination with BMD results, does not appear to be of clinical utility at present, although further characterization of these associations may make measurement of serum sclerostin levels for assessment of fracture risk of future clinical value.
Sclerostin May Mediate the Skeletal Response to Parathyroid Hormone
Intermittent parathyroid hormone (PTH) treatment stimulates bone formation, but the mechanisms underlying this effect remain unclear. Sclerostin inhibits Wnt signaling, and animal studies have demonstrated that PTH suppresses sclerostin production. A recent prospective study of 27 postmenopausal women treated with PTH 1-34 for 14 days versus 28 control women without treatment demonstrated that intermittent PTH treatment reduces circulating sclerostin levels, 15 with levels decreasing by 12.7% in PTH-treated subjects (Po0.0001) while remaining unchanged in the control women (Po0.02 for the change difference between groups). Notably, bone marrow plasma obtained from a subset of 19 control and 19 PTHtreated subjects at the end of the treatment period demonstrated that sclerostin levels in bone marrow plasma and serum were highly correlated (r ¼ 0.64, Po0.0001), with bone marrow plasma sclerostin levels 24% lower in PTH-treated compared with control women.
Given these findings, serum sclerostin could potentially be used as an early marker of therapeutic response to PTH 1-34, with reductions in serum sclerostin levels perhaps predictive of an early anabolic skeletal response. Although sclerostin is released predominantly by osteocytes and thought to act locally to suppress bone formation by osteoblasts, the strong correlation between bone marrow plasma and circulating sclerostin levels suggests that serum sclerostin may be useful as a marker of skeletal PTH treatment effect. Based on the results of a single short-term study, however, assessing changes in serum sclerostin levels in patients receiving PTH 1-34 treatment remains premature.
Because of the PTH effect on sclerostin, parathyroid disorders may be useful clinical settings to study this relationship. Patients with primary hyperparathyroidism have continuous exposure to elevated circulating PTH levels. Despite using different commercially available assays that provided serum sclerostin values that differed by B25-fold, several studies have now demonstrated that patients with primary hyperparathyroidism have lower serum sclerostin levels relative to both matched controls and to patients following parathyroidectomy. 16, 17 Interestingly, serum sclerostin levels have also been shown to normalize more rapidly than biochemical markers of bone turnover post-parathyroidectomy. 17 In conjunction with the results described previously in postmenopausal women treated with intermittent PTH, the inverse relationship between serum PTH and serum sclerostin levels also seen in primary hyperparathyroidism indicates that either intermittent or continuous PTH exposure results in downregulation of sclerostin levels in humans.
Serum sclerostin levels have also been assessed in hypoparathyroidism, a condition marked by continuously decreased circulating PTH levels. In a cross-sectional study, Costa et al. 18 evaluated 20 patients with hypoparathyroidism and analyzed the relationship between serum sclerostin levels, PTH, bone turnover markers and BMD relative to a control group. In contrast to the results seen in patients with primary hyperparathyroidism in which sclerostin levels were reduced, sclerostin was significantly higher in hypoparathyroid subjects relative to controls (Po0.0001). Markers of both bone formation (amino-terminal propeptide of type I collagen-P1NP) and bone resorption (carboxyl-terminal peptide of type I collagen-CTX) were positively correlated with serum sclerostin levels, although only the relationship between sclerostin and CTX reached statistical significance (P ¼ 0.01). No significant correlation between sclerostin levels and BMD was identified. Interestingly, Clinical utility of serum sclerostin measurements BL Clarke and MT Drake however, there was a significant positive relationship between serum sclerostin levels and bone mineral content at all sites assessed (lumbar spine, hip and distal radius) in hypoparathyroid patients.
When viewed in context with the decreased sclerostin levels seen with either intermittent or continuous PTH, the finding of increased circulating sclerostin levels in hypoparathyroidism further solidifies the PTH-sclerostin inverse relationship. Despite recognition of this inverse relationship, however, it remains unclear how sclerostin measurement might be clinically useful in patients with parathyroid gland disorders, with the possible exception of measuring sclerostin to assess surgical success following parathyroidectomy, a situation where direct measurement of serum PTH levels provides a far more rapid and direct assessment of surgical cure.
Measurement of Serum Sclerostin Levels in Other Clinical Conditions
In addition to the studies already detailed, serum sclerostin levels have been measured across a variety of other conditions. Results from several of these studies, and potential clinical implications, are described below.
Ankylosing spondylitis. Ankylosing spondylitis (AS) is a chronic inflammatory disease of the spine and sacroiliac joints characterized by new bone formation. In a study of 50 healthy control subjects and 46 AS patients, sclerostin levels were significantly lower (Po0.01) in patients with AS than in controls. 19 Intriguingly, 2-year longitudinal sclerostin level measurements demonstrated significantly lower sclerostin levels in AS patients with syndesmophyte growth compared with AS patients without (Po0.01), emphasizing the role of sclerostin in suppressing bone formation in AS. Accordingly, longitudinal assessment of serum sclerostin levels in AS might be of clinical utility to assess response to pharmacological intervention or to correlate with skeletal radiographic changes.
Bed rest/immobilization/spinal cord injury. As osteocytes are integral to regulation of the skeletal response to mechanical loading, several studies have examined sclerostin levels in conditions of reduced mechanical loading, both experimental and in patients with immobilization following spinal cord injury (SCI). In young healthy males subjected to bed rest, sclerostin levels significantly increased from baseline within 14 days (Po0.02), 20 and remained elevated at both 60 (Po0.001) and 90 (P ¼ 0.07) days. 21 In patients with SCI, increased serum sclerostin levels were seen in subjects with SCI p5 years post injury, with levels decreasing by the 5-year period such that subjects injured o3 years have significantly higher sclerostin levels than those injured 3-5 years. 22 In subjects with chronic SCI of 45 years, lower sclerostin levels were significantly associated with bone mineral content and BMD, suggesting that in subjects with chronic SCI, circulating sclerostin levels may be a biomarker of osteoporosis severity rather than as a mediator of on-going bone loss. 23, 24 Given that dual energy X-ray absorptiometry imaging can provide accurate assessment of changes in BMD and bone mineral content, the clinical utility of measuring sclerostin levels following SCI remains unclear.
Chronic kidney disease. Chronic kidney disease (CKD) is associated with a significant skeletal pathology and disordered mineral homeostasis. Consistent with previous population-based studies, 7 serum sclerostin levels were significantly correlated with age and were higher in male than female patients with stage 3B and 4 CKD. 25 After correction for age and gender, an inverse relationship between serum sclerostin and glomerular filtration rate was identified (Po0.01). The inverse relationship between declining glomerular filtration rate and increasing serum sclerostin levels has now been independently confirmed in a separate cohort, and raises the possibility that the positive correlation between age and sclerostin levels noted previously may be partially explained by the age-associated decline in renal function. 26 How measurement of serum sclerostin levels in patients with CKD might be used to guide clinical care, however, is not evident at present.
Diabetes. Diabetes mellitus type 2 (DM2) is associated with reduced bone quality, low bone turnover and increased fracture risk. In a cross-sectional study, serum sclerostin levels were significantly increased (Po0.001) in 74 subjects with DM2 compared with 50 control subjects, positively associated with DM2 duration (P ¼ 0.06), and significantly reduced in osteoporotic compared with non-osteoporotic DM2 subjects (Po0.05). 27 This increase in sclerostin levels in DM2 patients relative to control subjects has been independently confirmed. [28] [29] [30] Interestingly, whereas thiazolidinedione treatment for 24 weeks further augmented sclerostin levels, metformin treatment led to a slight reduction (Po0.02 for the difference between treatments), suggesting that while increased serum sclerostin levels in DM2 may contribute to increased skeletal fragility, this may be further exacerbated by thiazolidinedione treatment. 30 How measurement of sclerostin levels in patients with DM2 might guide clinical care, however, is not currently evident.
Fractures. Fracture healing in humans is a complex process involving formation and maturation of a fracture callus composed of bone cells, cartilage cells and connective tissue under the guidance of an array of factors including hormones, cytokines, extracellular matrix proteins and growth factors. In a recent study of adults with meta-/diaphyseal long-bone fractures (humerus, femur, lower leg and forearm), Sarahrudi et al. 31 studied 69 subjects with normal fracture healing, 6 subjects with impaired (atrophic non-union) healing requiring surgical revision and 34 healthy volunteers without fractures. Fracture subjects had serum samples obtained 0, 1, 2, 4, 6, 8, 12, 24 and 48 weeks following fracture, while control subjects provided one sample. Immediately after fracture, sclerostin levels were significantly higher in fracture subjects relative to controls, and remained significantly elevated throughout the 48-week period. Subjects with atrophic non-union had increased sclerostin levels slightly lower, but not significantly different, than subjects who healed normally. Thus although serum sclerostin levels are likely to be increased following fracture, their measurement does not appear to differentiate between subjects likely to develop non-union from those who heal normally. Accordingly, routine measurement of sclerostin levels following fracture is not currently justified.
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Hypercortisolism. Supraphysiologically circulating corticosteroid levels from endogenous (as occurs in Cushing's syndrome) or exogenous (as occurs with pharmacological intervention) sources suppresses bone formation and increases skeletal fragility. As recently shown, 4 serum sclerostin levels when measured by the commercially available Meso Scale Discovery (MSD) assay were significantly decreased (Po0.001) in patients with endogenous hypercortisolism relative to matched controls. Further, surgical resolution of hypercortisolism resulted in significant increases in sclerostin levels (Po0.01) and were associated with marked increases in bone turnover markers (P1NP levels, Po0.05; and CTX, Po0.001). In direct contrast, however, is a study that used the Biomedica assay and determined that serum sclerostin levels were increased in patients with endogenous hypercortisolism relative to matched controls. 32 Although it is notable that different commercially available assays were used in the studies, other potential reasons for the opposing findings are not readily evident. Given the contradictory data, however, measurement of serum sclerostin levels in patients with hypercortisolism is not likely to be of current clinical use.
Monoclonal gammopathies. Monoclonal gammopathy of undetermined significance (MGUS) is a requisite precursor condition for the plasma cell malignancy multiple myeloma. While serum sclerostin levels in patients with MGUS were not different than matched controls, 33 sclerostin levels in patients with myeloma were elevated (Po0.01) relative to both MGUS subjects and healthy controls. 34 Among myeloma patients, increased sclerostin levels correlated with advanced diseases, including increased fracture risk at diagnosis (Po0.01), shorter median survival (Po0.05) and worse clinical staging (Po0.001).
Whether the renal dysfunction so common in patients with multiple myeloma has a role in these increased sclerostin levels is unknown. Despite this prognostic relationship, however, it is presently unclear how serum sclerostin measurement may be of clinical use, although sclerostin may represent a target for novel therapies to combat the osteoblast suppression that occurs in myeloma.
Current Deficits in our Understanding of Sclerostin Biology in Humans
Although much has been learned about human sclerostin biology, fundamental gaps in our knowledge must be resolved before serum sclerostin measurements are incorporated into clinical practice. Important potential issues are briefly detailed below.
Sources of biological variability. Human bone metabolism reflects a complex process involving the integration of a wide array of local and systemic signals. Though current evidence is consistent with sclerostin serving as an integral regulator of bone metabolism owing to actions that are likely primarily local, serum sclerostin levels do reflect those in bone marrow. 15 While sex and age both clearly impact serum sclerostin levels, significant questions remain about the potential influence of other factors. These include, but are not limited to the following: (a) day-to-day, seasonal and circadian variability; (b) the proportion of osteocyte-produced sclerostin released into the systemic circulation; (c) the mechanism by which sclerostin is cleared (perhaps via liver or kidney) from the circulation, which might affect sclerostin level interpretation in subjects with organ impairment; (d) the relationship between sclerostin levels and total-body bone mineral content; (e) how physical activity and oral intake affect sclerostin levels; and (f) how sclerostin levels are impacted by pharmacological intervention. 35, 36 A better understanding of adjustments necessary to account for such potential confounding variables will be crucial for proper interpretation of sclerostin levels in future clinical practice.
Immunoassay variability. The introduction of any assay for clinical use requires rigorous validation. As has been noted in multiple locations throughout the text, substantial differences in serum sclerostin levels measured using the three commercially available sclerostin assays may exist, which may be still different from levels measured using non-commercially available 11, 15 or laboratory-generated 'in-house' 19 assays. As shown in Table 1 , differences between the assays exist. Whereas both the Biomedica and TECO assays use a monoclonal anti-sclerostin secondary antibody, the MSD assay uses a polyclonal secondary antibody. To our knowledge and review of the literature, rigorous epitope mapping has only been described for the antibodies used in the MSD assay, which appears to detect the intact sclerostin molecule. 5 When two (Biomedica and TECO) of the three different commercially available sclerostin immunoassays were used to directly compare measurements of sclerostin levels in peripheral blood serum and plasma from healthy control subjects, differences in measured sclerostin levels were seen, with variability occurring both between the different assays as well as between serum and plasma samples within the same assay. 37 Even larger differences in serum and plasma sclerostin levels were subsequently reported in a study that used the TECO assay. 4 Such results suggest that sclerostin in serum may partially exist as a protein-bound complex, with free and bound forms recognized differentially by the antibodies used in the assays. Overall, however, differences in the sclerostin levels determined by the Biomedica and TECO assays appear to be less than between these two assays and the MSD assay. Reasons for differences between the assays remain unclear at this time, but might include differences in the epitopes recognized (such that proteolytic fragments are measured by some but not other of the assays), cross-reactivity with the related sclerostin domain-containing protein 1 (SOST-DC1) 38 that shares B40% homology at the protein level, or other as yet unknown reasons. A summary of the studies included in this review, noting the source of the sclerostin assay, the cohort studied and the sclerostin-associated results, is provided in Table 2 .
Given the above potential assay-associated concerns, however, it appears prudent for research purposes to use the same sclerostin assay to compare subject groups or individual subjects followed longitudinally. Sclerostin assay standardization would be necessary before introduction into general clinical laboratory use.
Summary and Conclusions
Serum sclerostin is secreted locally from bone matrixembedded osteocytes, where it antagonizes Wnt/b-catenin signaling in osteoblasts. Despite the local skeletal actions of Clinical utility of serum sclerostin measurements BL Clarke and MT Drake sclerostin, circulating sclerostin levels correlate closely with bone marrow levels. Scerostin levels appear to increase with age in both sexes, and decrease with pharmacological estrogen or PTH 1-34 treatment. Serum levels of sclerostin have now been assessed in many clinical conditions in which bone loss and fractures are increased. The association of sclerostin levels with BMD and fracture risk in some, but not all, studies suggests that sclerostin measurement may have a future role in clinical practice. However, sclerostin levels do not always correlate as expected with observed BMD or bone turnover markers, suggesting that in many clinical scenarios, confounding variables are likely present that must be taken into account before routine clinical implementation. In addition, there exists a current dearth of expertise and information related to multiple aspects of fundamental sclerostin biology including: (a) potential sources of biological variability; (b) mechanism (renal or hepatic) and kinetics of clearance from the circulation; (c) relationship to total-body bone mineral content; and (d) assay standardization. Until such issues are resolved, measurement of serum sclerostin levels appears most useful for understanding the fundamental mechanisms by which osteocytes integrate hormonal, physical and pharmacological stimuli to regulate bone health, rather than as a guide for clinical-care decisions.
